Aligned corpora are widely used in various speech applications like automatic speech recognition, speech synthesis, as well as prosodic and phonetic research. The segmentation into syllables can be done manually or automatically. But it consumes significantly more time for a fully manual phonetic segmentation and practically it is a complicated task because in many cases it requires a large aligned speech corpus. If the manual syllabification is done by a group of individuals then the consistency is decreased because the analysis variations of the individuals. Consequently, there is a dire need for automatic syllabification and it is important because Sinhala language is syllable centric in nature.
INTRODUCTION
All speech can be analyzed in terms of increasingly smaller and more refined units such as utterances, phrases, words, syllables, morphemes, phonemes. A word can be divided into syllables and a syllable is a unit of speech that consists of at least one vowel. Consonants and vowels combine to make a syllable. In general, in Sinhala, syllable definition can be expressed as where n C 0 signifies 0 to n consonants and V signifies a vowel including two diphthongs T! /au/ and ft /aI/ (Kumara, 2009; rdcmla Ë, 1997) . Further it can be considered a syllable as having onset, followed by a vowel, and followed by a coda. For example .a [g] is the onset of the syllable .Eia [gae:s] and ia [s] is the coda.
As a consequence of technology advances increasingly sophisticated tools have become available to use with speech and music signals and scientists have the facility to study sound waves more effectively. Such research has led to the development of speech and music synthesizers, speech transmission systems, continuous speech segmentation systems, and automatic speech recognition systems etc.
RELATED WORK
Every written word is parsed by fixed linguistic rules into its component syllables. Currently there are many reliable tools for this purpose (Kumara et al., 2007; Weerasinghe et al., 2005) . But as an acoustic unit of speech, the exact phonemic boundaries of each syllable vary depending on the rate of speaking and rhythmic flow of pronunciation. Therefore, syllabic durations are difficult to obtain from the speech signal. For example, the duration of a syllable can vary depending on the speaker as well as the position of the syllable in a word such as absolute beginning, middle and absolute end. Consider the acoustic graphs of the words wdl,a m [a:kalpa] and flláh
[kekatiya] in Figure 1 and Figure 2 . It is clear that words should be divided into syllables as /a:|kal|pa/ and /ke|ka|ti|ya/ according to the syllable rules but it is somewhat difficult to identify the definite boundaries.
Although syllables are somewhat difficult to read, as they still have consonants, the vowel sounds make up the majority of the syllables that produce the louder part of these signals. As a result, breaking the words into syllables is a good start. On the other hand it requires significantly more time to align the syllables manually (Goldman, 2010) even though it generates comparatively accurate corpus. Further, if the manual syllabification is done by a group of individuals then the consistency is decreased because the analysis variations of the individuals. Therefore, automatic syllabification is important. with Dynamic Time Wrapping algorithm (DTW). In this case, synthetic speech is generated from the transcription and is compared with the corpus (Malfrere and Dutoit, 1997) . The DTW finds the best temporal mapping between the two utterances using an acoustic feature representation. Segmenting acoustic signals using a Neural Network (Kanda et al., 2008 ) is another approach.
METHODOLOGY AND IMPLEMENTATION

Data Set
Frequently used 1150 words containing all the vowels and consonants of the Sinhala language were selected from the Ven. Pandit W. Sorata Nayaka Thera's Sri Sumangala Sabdakosaya, a Sinhalese-Sinhalese Dictionary. Two speakers were selected in the recording of words whose native language is Sinhala and aged between 22-29 years. Each speaker was asked to utter words naturally and was recorded using the software Praat (Boersma and Weenink, 2010) with sampling frequency 16000Hz.
We obtained two repetitions of each word from each speaker. The recordings were collected in a laboratory environment.
Detecting the Envelope
Initially we obtained the square of the acoustic signal as we needed to amplify the difference in the signal to identify the syllable boundaries. We observed that the words having clear low amplitude between the syllables can be separated into syllables directly using the oscillograph. But a higher proportion of words does not follow this pattern. Figure 3 shows the oscillograph of the word .evú,d [gaedavila] while Figure   4 shows the square of the signal and it is clear that in the squared signal the syllable boundaries are significant than in the Figure 3 . Thereafter, we examined the mean of the acoustic signal over a considerably small range (100 samples) with the aim of normalizing the signal. Now there is a somewhat clear definition of peaks. But in some cases all the peaks does not represent a syllable as well as some peaks relevant to the syllables are not significant. In other words, the correct threshold value should be decided for each acoustic signal to achieve a good accuracy. For example, with a threshold that is too low, noise may get picked up and with a too high threshold some syllables may be ignored. We did the experiment on 1150 individual words, including the repetitions and the total number of words was 4600. We successfully separated 3795 words into syllables.
In other words we could determine the correct threshold value along with the correct envelope for 3795 words out of 4600 words. The rest of the words were belonged to either rejection envelope or no envelope category. In the case of rejection envelope, even though the envelope was generated and the acoustic signal of the word separated into components equal to the number of syllables of the particular word, the separated positions were incorrect. In the case of no envelope, the program was not succeeded to determine an envelope as required. The Table 1 summarizes the outcome of our methodology. But when the syllables are overlapped the syllabification process becomes somewhat complicated and our methodology was not successful in tackling the problem. For instance, the word T,a udo /olma:da/ represented in Figure 12 should be divided into /ol|ma:|da/ according to the syllable rules. But the first two syllables are overlapped and difficult to separate. As well, if the energy of a particular syllable is relatively lower than or equal to the energy of a inter syllable period of the signal then it was difficult to segment the word accurately.
CONCLUSION AND FUTURE EXTENTIONS
Our objective was to develop a method for syllabification of the acoustic signals of Sinhala words and we have achieved considerably high precision in the outcome. It was clear that the wrong pronunciation creates problems in the process of syllabification. In this work the informants were not trained to pronounce the words correctly, and therefore we have collected the pronunciation of words in their natural speech. As an effect, this decreased the accuracy of our methodology to some extent.
Further, the two occurrences of the same word generated by the same speaker were behaved differently due to the variation in the pronunciation. It is better if all the syllable rules can be implemented in the program to solve the above mentioned drawbacks to some extent. Here all the data were recorded in a laboratory environment, but when it is implemented in a real world situation, the noise will be the main obstacle to achieve the necessary accuracy.
